The Geologisohe Prinzipienfragen was one of his last books and contains a summary of most of his contributions to geology. These were mainly in the areas of igneous processes and mountain building, but also included geomorphology, environmental geology, and cosmology.
In his later years, discouraged by opposition to his geologic theories, he transferred his energy to social problems and wrote about the effects of topography and mining on social development; stimulated by an earlier trip to America, he also worked on the improvement of public education and public libraries.
Reyer was a nonconformist and many of his ideas were rejected by his contemporaries, including his teacher and colleague Eduard Suess. His early field work in the Euganeen disclosed blanket or wedge-shaped masses of concordant granite in different levels of strata. These could not easily be explained by prevalent ideas of laccolithic or cross-cutting intrusions. At that time concepts of grahitization and mantled gneiss domes were hardly known or realized, and most large intrusions were considered to have been implaced during a single cataclysmic period. Even today, the protuberances of many Alpine gneisses are doubtful in origin.
Puzzled by what he saw and attempting to understand it, Reyer made model studies of volcanic and intrusive processes and supplemented them with trips and studies in middle and southern Italy, south Tyrol, Bohemia, Saxony, Scandinavia, and California. He was impressed by descriptions of submarine eruptions at Santorin, and concluded that the concordant granites and associated complexes were produced by remelted older granites, which produced younger intrusions in the form of lava-like "effusions" at the bottom of geosynclinal troughs. Produced in recurring episodes, these effusions became interlayered with sediments of different ages in a long continuing process. He believed that in order to produce the larger crystals found in the granitic effusions, the water in the depositional troughs must necessarily be deep.
As no granites have ever been observed, then or now, to form on the surface of the Earth no matter how deep water may be over them, it is easy to see why this idea was rejected, and this probably affected the acceptance of his other ideas. His refusal to recant the granite heresy and his vividly expressed scorn for those who did not agree with him did not help matters. Yet these ideas were fruitful, for they helped lead to a better understanding of laccoliths, to a realization of the existence of .igneous complexes of various levels and multiple intrusive phases, and to a theory of syngenetic mineral deposits. ***^, Reyer's greatest contribution to geology was an orogenic model that emphasized the roles of thermal expansion and gravitational gliding in mountain building. This model still has many valid applications. According to Reyer, large areas of geosynclinal troughs are uplifted by thermal expansion and/or intrusion, and the elevated sedimentary layers with fluid bases (floating layers) glide off and fold as they pile up on the flanks of the uplift. When uplift ceases, cooling and collapse of the tectonically denuded area produce grabens and volcanic action.
This conceptual scheme, based upon observations of fold belts and upon his own model studies, is plutonist in origin, and one may find the germinal ideas related to it in the work of Button and Scrope a century before. The scheme has many theoretical advantages. It explains the apparent paradox of the juxtaposition of folded areas (supposedly produced by compression) and late orogenic grabens, often volcanic , which must be produced by extension. Tlie model has the further advantage of not requiring any shortening of the Earth's crust, which in Reyer's time was considered by many to have been proven by the fold and overthrust belts, and thought to be due-to the contraction of a shrinking Earth; associated extension fractures supposedly occurred when the compression "relaxed."
Reyer rejected the contraction theory and asked many questions about it. For example, why were zones of compression and extension found in the same area? If compression is continuous, why does mountain building occur in definite periods and in certain places (the geosynclinal troughs)? And why do different degrees,pf folding occur at different levels in the crust? These questions are valid today, when the shrinking Earth has been replaced by drifting plates and convection currents as mechanisms of horizontal compression.
The dominant theme in Reyer's model is the inexorable movement of rock downhill, caused by gravity acting over short or long periods of time. This theme is repeated over and over in his work: delta muds creeping toward the sea, inclined water tables, fluid-rich sedimentary layers gliding downhill and folding, and plastic masses of magma and rock flowing laterally and down.
In the modern development of gravity tectonics we see many variations and expansions of this theme. Haarman's oscillations, Van Bemmelen's levels of gravitational movement, Migliorini's chaotic gliding masses, Bucher's models of gravitational folds, Beloussov's block uplift followed by lateral spreading and fold crumpling, and Rubey and Hubbert's excessive fluid pressures. It is evident that thermal and gravitational processes are still attractive to geologists, and in recent years the study of their possible relationship to horizontal mechanisms has also increased.
I learned about Reyer during a sabbatical year spent with Professor Dr. R. W. Van Bemmeleri at the Geology Institute, State University of Utrecht, VI in the Netherlands. The Geologisoke Prinzipienfragen was a parting gift from Kees de Jong, and while recuperating from an illness, I began this translation with the encouragement of Catherine Keller and Albert Novotny.
As the work continued, I was fortunate to gain as collaborators Werner Will, who supervised the translation and was especially helpful with older idioms, and Alan Youel, who helped change many awkward sentences into fluid English. Francis S. Birch read the manuscript for accuracy, and Charles Meline enlarged the illustrations for publication.
The Kontinente und Ozeane (1912 , 4th rev. ed., 1928 Dover, 1966) .
Both translations mark a general revival of interest in the historical growth of two major geodynamic concepts: gravity tectonics and continental drift. In a way, these two aspects of geodyr.amics are complementary. Reyer, who lived from 1849 to 1914, drew attention to the potential energy created by vertical crustal movements; Wegener, who lived from 1880 to 1930, stressed the importance of great horizontal displacements. Wegener's book appeared to achieve a real breakthrough for continental drift, an idea that had been ripening since the seventeenth century, but most geoscientists rejected his proposals because of the preconceived opinion that crustal rocks were too strong and that the proposed driving forces too weak for such a process. An entirely new branch of geonomy paleomagnetism had to be developed before enough diagnostic facts were gathered to prove that continental drift did, nevertheless, occur in the Phanerozoic.
Similarly, Eduard Reyer developed a clear concept of glide-tectonics ("GleitfaZtung") through observation and experimentation, but his ideas conflicted with the prevailing contraction theory which was then strongly supported by his teacher and later colleague Eduard Suess . Custom, inertia of thinking, and authority caused a rejection of Reyer's ideas by most of his contemporaries. Disappointed, Reyer devoted his later years to social reform, to the founding of public libraries (see Bibliography, 1893 Bibliography, , 1896 Bibliography, , 1903 Bibliography, , 1905 , and to various philosophical problems (1907, 1908, 1909) . Only once, because he was deeply convinced of the correctness of his ideas, did he turn his efforts and his genius to the fundamental problems of geology. Geologisohe Ppinzipienfvagen* his last book on geology, has now been translated into English: it represents a matured concept of geology at the beginning of this century.
Reyer's book is of great value for two'major reasons: first, it contains many examples of unbiased observation, clear inductive thinking, and verification by means of experimental tests. Secondly, by stressing the role of gravity as a driving force, it marks a milestone in the development of Structural Geology.
A well-known legend reports that the young Newton once took his siesta in the shade of an apple tree and was hit by a falling apple. The impact of the apple started his thinking on the driving force of falling objects gravity, In time, the concept of gravitational force was applied in geology to such fields as hydrology, glaciology, erosion, sedimentation, and local slumping, but it was not applied to the deformation of relatively large (though regionally restricted) rock units because rocks seemed too strong when they were hit by a hammer in the field. The apparent worldwide folding of crustal rocks was attributed only indirectly to gravity: it was seen as a result of the settling of the Earth's crust around its shrinking center.
Reyer broadened the application of gravity to geology significantly. He started his geological career by studying volcanism and the geological setting of igneous rocks, first in the Euganean area of northern Italy (1877a, 1877b, 1878a, 1878b) and then in the Smrekovic volcano area in the southern Karawanken Mountains (1878c). After that he studied plutonic rocks and their tin-mineralization in Bohemia (1879a Bohemia ( , 1879b Bohemia ( , 1879c , the igneous province near Christiania (Oslo), Norway, (1879c, 1880a) , and the plutonic intrusions of Predazzo amidst vi ii the Triassic reef-limestones of the Dolomites (1880h). Studies of Adamello (1881), Monte Catini (±882), and Elba (1880e), and of intrusions in California and other parts of the United States (1884, 1886, 1887) followed.
In addition to his interest in volcanism and tensional deformation,. Reyer was also concerned with compressive deformations of solid rocks (1880c). He found that volcanic activity occurs in zones of crustal tension that are parallel to and contemporaneous with belts of folding. From this observation he concluded that the contraction theory, which attributes folding to ubiquitous worldwide tangential compression, could not be correct. This inevitably brought him into conflict with Suess, whose magistral study in three volumes, Das AntKtz der Erde (1883 Erde ( -1909 , was published during this period of Reyer f s work.
Reyer realized that if Newton's apple had fallen on an inclined plank, it could have moved sideways, using its gravitational potential energy for displacement in a radial as well as a tangential direction. -Inductive reasoning led him to the formulation of the concept of glide-tectonics ("Gleitfaltung"; ecoulement par gravite"), fully elaborated in his magnum opus, Theoretische Geologie (1888), and verified by many experiments (1892a, 1892b, 1892c, 1894) .
Only after his death, did Reyer ? s ideas of gravity tectonics begin to gain support from other scientists. Bombicei, Anelli, Migliorini, and Signorini among Italian geologists and Schardt, Schneegans, Gagnebin, Lugeon, Gignoux, Moret, Glangeau, and Gaire among those studying alpine structures can be mentioned. As for myself, I observed gravitational phenomena in Indonesia, and much later, in Europe I repeatedly interpreted alpine tectogenesis in the light of gravity tectonics, aided by field researches with my pupils in the Geiltal Alps, the Lienz Dolomites, and the Southern Alps.
Although the works of Erich Haarmann (Die Oszilldtionstheorie;, 1930J and Walthef Schmidt (Tektonische Verformtngslehre, 1932> provided a great advance in the systematic analysis of the principle of gravity tectonics, most geoscientists remained curiously unready to accept the ubiquitous mass force of terrestrial gravity as the major driving force in geodynaraics. Only after the Second World War were real advances made. Walter Bucher, in 1948, discussed the role of gravity in orogenesis, with experiments. In 1959, M. King Hubbert and W. W. Rubey demonstrated the role of overpressures in pore fluids as a means of reducing the inner friction. I elaborated the restricted concept of surfical glide-tectonics into a generalized theory of different types of gravitation tectonics at diverse structural levels. Ramberg experimented with centrifuged models, which magnified the force of gravity thousands of times, and concluded that gravity is the direct driving force of almost all geodynamic processes. Arthur Holmes strongly supported the concept of gravity tectonics in the second (revised) edition of his Principles of Physical Geology r/ (Nelson, London, 1965) . Marland Billings discussed gravitational theories in the second edition of his Structural Geology (Wiley, New York, 1972 The questions that will be discussed in Chapters Five through Ten refer for the most part to the fundamentals of our science. Since a revision of assumptions and hypotheses has already begun in the older exact sciences, such an examination of our young science appears especially urgent. Preliminary hypotheses that do not agree with observed phenomena must be replaced by more valid hypotheses, and differing interpretations should be placed side by side in open questions. This state of modification and of uncertainty will surely prevail for a long time.
Our theoretical opinions suffer from the fact that most of the fundamentals are not exact, that quantities are seldom determined, that individual phenomena cannot be isolated, and that the value of experiments is not recognized by most professionals.
In many cases a phenomenon will require the cooperation of several positive and negative forces whose quantity cannot be determined (volcanic processes, uplift, mountain building, erosion) .
In other cases the causal relationship is masked; for example, an action often appears long after its origin (the release of pressure, or a breakup which follows years after the original eruptions).
A logical or mathematical derivation that is apparently conclusive may still contain a mistake.
Facts and arbitrary ideas are often mixed. Thus it is common, in cross sections, to mix actual data with biased conjectures, when it would be correct to show the proven part with solid lines and the hypothetical part with dotted lines.
Sometimes the interpretation is correct while the underlying assumptions appear weak. This source of error is often not recognized because the idea has become traditional and is therefore not challenged. Even though the basic assumption is so simple that it "stands by itself," it is often unexamined, even in the exact sciences, and consequently escapes criticism. In this category belongs the axiom "simplicity is natural," which fits some facts but actually is the simplicity only of our thoughts and understanding, which never really harmonize with nature [see Reyer, "fiber das Einfaehe," Zeitschr. f. wisseiisch. Philos. 1907] .
When a process appears to be constant for a short period of time, we show it graphically as a straight line and call this regular development (for example, in describing experiments and hypotheses relative to the action of temperature and pressure). In our thoughts we have placed it far beyond the limits of experimental data and this entire process is inadmissible. An enlargement of our experiment may chow that th. straight line in our graphic illustration is really part of a curve and that the curve, if further expanded, exhibits a break (other examples could be cited).
Our rules and laws are only approximate and are correct only within fixed limits. We choose simple types which we call "natural" or "legitimate"; if further developments prove complicated, we speak of "exceptions," "anomalies," and "disorders." In nature, however, each "anomaly" of this kind is just as natural as every simple case which we previously called attention to and designated as "natural*" It is not in nature but only in our thought processes that these so called "anomalies" are made to seem unnatural.
In this discussion the value of simple interpretations and preliminary hypotheses will not be disparaged, but they will be put in their proper place. Since a comprehensive grasp of the immense range of perceptible phenomena is impossible, we must establish simple types, hypotheses, and laws, and we must isolate and abstract. The value of hypotheses is not lessened by critical investigation; we cannot do without such helpful tools because they give relationship and meaning to. diversify and deepen our interest.
After the fantastic hypotheses of the first decade of the previous century had bestowed on our young science a somewhat peculiar charm, a wholesome reaction which observation and exact description demanded followed. During the last decade, tabulation and theoretical research have gained momentum.
My experiments and investigations on mountain building were observed by few and rejected by most, so that I concluded my work had been in vain. Without being convinced cf the error of my views, I left this field and fulfilled a special role by assisting in the growth of public education in our homeland. In the last few years, however, the conviction has grown in me that my geological works would be useful to science after all, and I have decided to publish the investigations .
As I have repeatedly left the beaten track, I anticipate opposition and rejection. I know that the pathfinder will go in many wrong directions and that at the end he will look back on many wasted efforts. In a few cases, however, a new path may prove itself and later become a useful road.
My earlier ideas were broad because I followed in each instance the right and wrong paths of previous research and gave a general summary of the literature. The present text is free of such ballast. I do not give references because good bibliographies are now available to every scientist.
Weibling near Vienna May, 1907 E. Reyer
